Abstract. Relative proper motions, their corresponding observed errors and membership probabilities of 722 stars in the old open cluster NGC 1817 region are determined from PDS measurements of 12 plate pairs. The plates have the maximum epoch difference of 81 years and were taken with the double astrograph at Zǒ-Sè station of Shanghai Observatory, which has an aperture of 40 cm, a focal length of 6.9 m and a plate scale of 30 /mm. The average proper motion accuracy is 1.6 mas/yr. These proper motions are used to determine the membership probabilities of stars in the region. The existence of two clusters in the region (NGC 1817, NGC 1807) is discussed. The number of stars with membership probability higher than 0.7 is 416 for NGC 1817 and 14 for NGC 1807.
Introduction
The open cluster NGC 1817, in Taurus [α 1997 =5 h 11 m 22 s , δ 1997 = 16
• 41 34 ], is a rich, unstudied and presumably old open cluster (Janes & Adler 1982; Phelps et al. 1994; . To date, the only photometric study of NGC 1817 was performed by Harris & Harris (HH 1997) who obtained UBV photometry to a limit V = 16.7, of 265 stars in the central area of this cluster. A preliminary photometric study of the region by Purgathofer (1961 Purgathofer ( , 1964 reached only to V = 14. Previously, Cuffey (1938) obtained extensive photographic photometry of stars in this area in the blue and red bands to a limiting magnitude Send offprint requests to: K.P. Tian or L. Balaguer-Núnez Table 5 is only available in electronic form from CDS via anonymous ftp 130.79.128.5, and by e-mail request to lbalague@pchpc3.am.ub.es of R = 14. The location of the cluster at 1800 pc almost directly in the Galactic anticenter direction and 400 pc below the plane [l = 186.1, b = −13.1], and its low metallicity, make it an object of special interest for the research of the structure and the chemical evolution of the Galaxy.
Very little is known about the open cluster NGC 1807. Some authors considered it as not physical open cluster (Becker & Fenkart 1971) or as possible member of multiple system with NGC 1817, 2244 and 2252 (Barkhatova 1963) . Some of its G and K stars have DDO observations (Yoss et al. 1981; Piatti et al. 1995) .
Proper motions of some stars in this region were published by Li (1954) . But the accuracy of its proper motions is rather low since the epoch difference of the plates he used was only twelve years. Later on, in 1980's, three pairs of plates of NGC 1817 taken with the 40 cm astrograph at Shanghai Zǒ-Sè station, were measured manually on the Zeiss Ascorecord measuring machine at Zǒ-Sè. Relative proper motions in the cluster region of NGC 1817 were obtained from plate measurements, and its membership determination was made (Tian et al. 1983 ). However, these proper motions are not very accurate because of manual measuring.
In this paper we will, for the first time, determine accurate relative proper motions of 722 stars within a 1
• .5 area in the NGC 1817 region, from automatic measurements of 24 plates, six of which are newly taken. Through estimating membership probabilities with an improved likelihood method , the membership determination will lead us to distinguish two separate cluster in the region, with different distribution parameters: NGC 1817 and NGC 1807. All the plates were measured on a Photometric Data Systems (PDS) model 1010 automatic measuring machine at the Purple Mountain Observatory in Nanjing (China). There is a total of 916 stars being measured with a photographic magnitude limit close to about 15.0. An aperture size of 20 by 20 microns, scanning step of 20 µm, scanning speed of 25 µm/s and R scanning type were adopted. The program for digital image centering is based on the algorithm developed by Lee & Van Altena (1983) . In order to monitor and reduce any possible plate displacements and the resulting systematic errors, all the stellar images to be measured were divided into 18 groups, all the groups sharing four common images which were scanned twice, before and after all the other images for each group. A Gaussian fit to the density array marginal distribution F (x, y), was made following the software developed by Wang et al. (1995) , from which the image center coordinates (x 0 , y 0 ), the background density b, peak density D 0 , and the image radius R can be obtained:
Proper motions
The reduction of the relative proper motions for 722 stars in the region of NGC 1817 and NGC 1807 was made on the basis of the PDS measurements by means of an approach we have adopted many times before (Tian et al. 1982 (Tian et al. , 1983 Zhao et al. 1993 Zhao et al. , 1980 Su et al. 1998 ). There are three steps in the whole process: the first is to transform the measured results for all the plates to a common system, in order to eliminate the errors due to small differences in the orientation of different plates in scanning; the second step is to establish a reference frame, i.e. to decide upon the reference stars; the last step is to calculate proper motions of all the stars with respect to this reference frame, and their corresponding uncertainties. After two loops of the least-squares adjustment, 83 stars with residuals in both x and y coordinates less than 2σ x and 2σ y respectively were chosen to be reference stars from the 99 stars common to all the plate pairs, where σ x and σ y are the rms residuals in the x and y coordinates obtained from the least-squares adjustment. This defines a preliminary proper motion system in which the proper motions of the selected stars are collectively free of translation, rotation and expansion.
Owing to the limited number of reference stars and the accuracies of the proper motions of these stars, the plate pair technique is used in the present study. All the linear and quadratic coordinate-dependent terms and the coma term are included in the plate solutions. The weighted mean of the proper motion of a star obtained from all of the available plate pairs should be taken as the final value of the proper motion of the star. The proper motion weight for a star in a plate pair is determined from the epoch difference of the pair and the measuring accuracy of the stellar image. Table 2 gives the accuracies of final proper motions for stars in the NGC 1817 region with different numbers of measured pairs (greater than 2) and different distances from the field center. The units of the proper motions and their accuracies in this paper are mas/year. It is shown from the table that the accuracies depend strongly on the number of plate pairs, and the greater the number of pairs, the higher the accuracies of the final proper motions of the stars. This shows that increasing the number of available It can also be seen from the table that there is no obvious relation between the accuracies of the final proper motions and the distances of stars from the plate center, which shows that the imaging quality of the telescope has been very good and that the PDS machine was quite stable. Figure 1 gives the number of stars for which different numbers of plate-pairs are available. More than 70% of proper motions are obtained from more than 6 plate pairs.
The rms errors of the proper motions of all 722 stars are x = ± 1.42 mas/yr, y = ± 1.37 mas/yr, and = ± 1.39 mas/yr, where = 2 x + 2 y 2 . In the most accurate case, the rms errors are found to be 0.81 mas/yr for stars with 10 to 12 plates and distances to the centre between 15 and 30 .
The rms proper-motions errors can be seen from Fig. 2 , which shows the relations N versus x , N versus y and N versus . So what we can say is that the accuracies of the proper motions of stars in the region of NGC 1817 and NGC 1807 obtained by us are relatively high, because of the good stellar images taken with the 40 cm double astrograph and the excellent positioning behavior of the PDS scanning machine.
Membership determination
Accurate membership determination is of fundamental importance for further astrophysical studies of clusters. The fundamental mathematical model set up by Vasilevskis et al. (1958) and the technique based upon the maximum likelihood principle developed by Sanders (1971) have been refined continuously since then.
An improved method for membership determination of stellar clusters based on proper motions with different observed accuracies was developed by Stetson (1980) and Zhao & He (1990) . Then Zhao & Shao (1994) added the correlation coefficient of the field star distribution to the set of parameters describing their distribution on the sky. The spatial distribution of cluster stars and the dependence of the distribution parameters on the magnitudes of stars were considered by Su et al. (1998) . Zhao et al. (1988 ) developed a statistical method on the same principle to determine the distribution parameters and membership of rich galaxy clusters. Shao & Zhao (1996) then extended the above method to the situation of multiple substructures and multiple criteria, and developed a strict, rigorous, and useful mathematical model. Tian et al. (1998) adapted this multi-substructure and multi-criterion maximum likelihood method in one-dimensional radial velocity to the case of two dimensional velocity space (relative proper motions), and determined successfully the distribution parameters and membership of a region with two open clusters.
As we pointed out in the introduction, there may be two open clusters, NGC 1817 and NGC 1807, in the region examined in the present paper. In order to confirm this point, we will follow the same method to determine the distribution parameters and membership of the two open clusters.
The frequency function for the i-th star of a cluster can be written as follows:
where (µ xi , µ yi ) are the proper motions of the i-th star, (µ xc , µ yc ) the cluster proper motion center, σ c the intrinsic proper motion dispersions of member stars and And for the field,
where (µ xi , µ yi ) are the proper motions of the i-th star, (µ xf , µ yf ) the field proper motion center, ( xi , yi ) are the observed errors of the proper-motion components of the i-th star, (σ xf , σ yf ) the field intrinsic proper motion dispersions and γ the correlation coefficient.
On the other hand, the surface-number-density of cluster members is a function of the position. A Gaussian profile is the chosen approximation,
where (x c ,y c ) is the center of the cluster, and r c the characteristic radius.
And a uniform distribution of field stars is adopted,
The distribution of all stars in the region can, then, be described as follows: With n c , the normalized number of cluster stars, and n f , the normalized number of field stars.
Results and discussion
The unknown parameters for this distribution are (n c ,x c , y c , r c , µ xc , µ yc , σ c ) c=1,2 and (n f ,µ xf , µ yf ,σ xf ,σ yf ,γ). Membership probabilities of the i-th star belonging to the c-th cluster can be calculated from the following,
According to the standard maximum likelihood method we obtained the distribution parameters and their corresponding uncertainties, given in Table 3 , where the units of the proper motions and proper motion dispersions are mas/yr. Equatorial coordinates were computed using the Tycho Catalog (ESA 1997) as reference stars. Forty stars from this catalog are in the region under study. Following Galadí-Enríquez et al. (1998) , the best fitting of these reference stars was a second order pair of equations. The cross-identifications of these 40 stars are given in Table 4 . Only 15 stars were found in this region from the PPM Catalog, and the respective identification is also included in the same table. Table 5 lists the results for all 722 stars in the region of the two open clusters: Col. 1 is the ordinal star number; Cols. 2 and 3 are α J2000 and δ J2000 with an epoch of 1991.25; Cols. 4 and 5 are the proper motions; Cols. 6 and 7 are the standard errors of the proper motions; Cols. 8, 9, and 10 are probabilities of stars belonging to NGC 1817 (P 1 ), NGC 1807 (P 2 ), and the field (P f ) respectively; and Col. 11 is the number of plate pairs used in the present study. Figures 3 and 4 show the proper motion vector-point diagram and the position distribution on the sky for all the measured stars respectively, where " • " denotes a member of NGC 1817 with P 1 ≥ 0.7, " • " a member of NGC 1807 with P 2 ≥ 0.7, and all another stars are considered field stars indicated by "×". It can be noted from the two diagrams that the centers in positional space and the centers in velocity (proper motion) space for the two open clusters Table 4 . The cross-identification of stars in Table 5 with the TYCHO and PPM catalogues are very clearly separated, which can be confirmed from the distribution parameters listed in Table 3 . The dispersion of the cluster proper motions in this table is due to two reasons: the intrinsic velocity dispersion of the cluster members on one hand, and the precision of the proper motions (that in any case is poorer than usual, maybe because the epoch differences of plates are not long enough) on the other hand. The dispersion of proper motions compared to the mean internal errors seems to indicate that the velocity dispersion of members is larger than in other clusters, if the distance of 1800 pc (HH 1997) is assumed.
The angular diameter of NGC 1817 presented here is significantly larger than the values found by previous authors. Cuffey (1938) gave an estimation of the angular diameter based on his photometric study of the central region. We found a bigger diameter based on a complete astrometric study of all the region. NGC 1817 has an halo more extended that can be seen in a visual inspeccion of the area. Further studies using photometric data and radial velocities will be very helpful on this subject.
The membership probability histogram (Fig. 5) shows a very clear separation between cluster members and field stars. We find that the numbers of stars with membership probabilities higher than 0.7 for NGC 1817 and NGC 1807 are 416 and 14 respectively, and their average membership probabilities are 0.93 and 0.83 respectively, i.e., contamination by field stars is expected to be only 7% and 17% for the two clusters. If these stars were considered as belonging to the field, the apparent deficiency on field stars in the central region should vanish.
Till this point, all of our work indicates that the determination of two open clusters is successful: there exist two real open clusters NGC 1817 and NGC 1807. But, unfortunately, the fact of the NGC 1807 cluster being near to the edge of the plates makes the number of stars measured very small for what might be desirable. Conclusive results for this cluster should come from photometry or radial velocities studies. In this sense our group is working on a complete photometric study of the region that could be highly helpful in this respect.
Effectiveness of membership determination
Contamination by background and foreground objects through the influence of the observational projection effect can not be avoided. Following Shao & Zhao (1996) we can judge quantitatively how effective the results of our membership determination was. The effectiveness of membership determination is set as:
where the bigger E is, the more effective the membership determination is. So we can determine that the effectiveness of membership determination is 0.68 and 0.63 for NGC 1817 and NGC 1807 respectively. It is shown in Fig. 3 of Shao's paper (Shao & Zhao 1996) that the effectiveness of membership determination of 43 open clusters are from 0.20 to 0.90 and the peak value is 0.55. Compared with previous works (Shao & Zhao 1996; Tian et al. 1998) , we can see that the effectiveness of membership determination for the two open clusters is significantly high in both cases.
Surface density distribution
The surface density distribution for the cluster members can be defined by the following equations:
The second term of the right side of the above equation is the uncertainty, σ i , which follows the Poisson distribution; at the same time the surface density distribution of the field stars is:
In Eqs. (11) and (12) the sums are performed for the stars in the area ∆S using the membership probabilities for each of the two clusters (P c (i), c = 1, 2) and the field (P f ) in turn. ρ c and ρ f are calculated for each different ∆S, which is defined as an annulus with varying radial distance from the cluster center, and ρ c is calculated separately for each of the two clusters. Table 6 gives the surface density distributions ρ c of the member stars and the corresponding uncertainty σ in the two distributions. Figure 6 shows the radial density profiles of members of the two open clusters and of the field stars. We can see from this figure that both NGC 1817 and NGC 1807 have good central concentration, while on the other hand the surface density of field stars is quite uniform in the whole region. At the same time, this figure indicates that the two star clusters defined in the present study actually exist independently. 
